Topological insulators are non-trivial quantum states of matter which exhibit a gap in the electronic structure of their bulk form, but a gapless metallic electronic spectrum at the surface. Here, we predict a uniaxial strain induced electronic topological transition (ETT) from a band to topological insulating state in the rhombohedral phase (space group: R3m) of As 2 Te 3 (β-As 2 Te 3 ) through first-principles calculations including spin-orbit coupling within density functional theory. The ETT in β-As 2 Te 3 is shown to occur at the uniaxial strain ǫ zz = -0.05 (σ zz =1.77 GPa), passing through a Weyl metallic state with a single Dirac cone in its electronic structure at the Γ point. We demonstrate the ETT through band inversion and reversal of parity of the top of the valence and bottom of the conduction bands leading to change in the Z 2 topological invariant ν 0 from 0 to 1 across the transition. Based on its electronic structure and phonon dispersion, we propose ultra-thin films of As 2 Te 3 to be promising for use in ultra-thin stress sensors, charge pumps and thermoelectrics. a) Electronic mail:waghmare@jncasr.ac.in 1
Topological insulators are non-trivial quantum states of matter which exhibit a gap in the electronic structure of their bulk form, but a gapless metallic electronic spectrum at the surface. Here, we predict a uniaxial strain induced electronic topological transition (ETT) from a band to topological insulating state in the rhombohedral phase (space group: R3m) of As 2 Te 3 (β-As 2 Te 3 ) through first-principles calculations including spin-orbit coupling within density functional theory. The ETT in β-As 2 Te 3 is shown to occur at the uniaxial strain ǫ zz = -0.05 (σ zz =1.77 GPa), passing through a Weyl metallic state with a single Dirac cone in its electronic structure at the Γ point. We demonstrate the ETT through band inversion and reversal of parity of the top of the valence and bottom of the conduction bands leading to change in the Z 2 topological invariant ν 0 from 0 to 1 across the transition. Based on its electronic structure and phonon dispersion, we propose ultra-thin films of As 2 Te 3 to be promising for use in ultra-thin stress sensors, charge pumps and thermoelectrics. Arsenic telluride has a monoclinic structure with space group C2/m (α-As 2 Te 3 ) at the ambient pressure, and has been investigated as a thermoelectric material in earlier works [7] [8] [9] [10] showing that it has a lower thermoelectric figure of merit than Bi We use Perdew, Burke and Ernzerhof (PBE) parametrization 18 of the exchange-correlation energy functional derived with a generalized gradient approximation (GGA) 19 . Spin-orbit interaction has been included through a second variational procedure 20, 21 . Truncation of the plane wave expansion of electronic wave functions inside the interstitial region is specified by a cut-off value of R mt *K max = 7 , where R mt is the radius of the smallest atomic sphere (muffin-tin), K max = 2.8 a.u −1 is the plane wave cut-off vector, and charge density is Fourier expanded up to by G max = 12 Ry 1/2 , where G max represents the maximum value of G vector in the Fourier expansion. We adopt the tetrahedron method for sampling integrations over the Brillouin zone with a 9 × 9 × 9 uniform mesh of k-vectors.
Lattice-dynamical properties are determined within the framework of self-consistent density functional perturbation theory (DFPT) as implemented within the QE code 22 . Since the effect of SOC is negligible on phonon frequencies and character of the vibrational modes is unchanged without the SOC, we determine vibrational frequencies of β-As Here, we show that β-As 2 Te 3 undergoes an electronic topological transition at the ǫ zz = -0.05, with a uniaxial stress σ zz = 1.77 GPa.
We now determine the Z 2 topological invariant quantity ν 0 of β-As 2 Te 3 below and above the critical value of the strain using the technique of Fu and Kane 26 that equates the product of parities of states in the valence band manifold (see Table I ) to (−1) ν 0 . We find that the ν 0 is 0 and 1 for ǫ zz > -0.05 and ǫ zz < -0.05 (the critical strain ǫ zz = -0.05) respectively, signifying that β-As 2 Te 3 becomes a strong Z 2 topological insulator for ǫ zz < -0.05. Similar to Bi 2 Se 3 , Bi 2 Te 3 and Sb 2 Te 3 which are strong Z 2 topological insulators at the ambient pressure 1 , the top of valence and the bottom of conduction bands of β-As 2 Te 3 have even and odd parities respectively in its topological insulating phase.
As shown in Fig. 2d , the band gap at the Γ point increases with strain beyond the transition point (ǫ zz < -0.05), which is expected of a topological insulator, but with higher value of compressive strain (e.g. at ǫ zz ∼ -0.06 ), there is anti-crossing (see 
where ε nα (k) represents the electron energy for the n-th band with spin index α at k wave vector in the Brillouin zone. On the other hand, the time reversal symmetry implies ε nα (k) = ε nᾱ (-k), whereᾱ represents the spin opposite to α. When both symmetries are present, ε nα (k) = ε nᾱ (k), i.e. electronic bands acquire Kramers' double degeneracy at each k vector.
As each electronic band in a Z 2 topological insulator is doubly degenerate, the irreducible representation for each band is two dimensional (i.e. E, according to Mulliken's symbol). In the Hamiltonian with SOC, the point group at any k vector is a double group due to inclusion of time reversal symmetry. The irreducible representations of bands are hence determined by the character table of the corresponding double group of a spin-orbit coupled system 27 .
At Γ point (i.e. null k vector) in the Brillouin zone, the group of the k-vector is D 3d , and 6 electronic bands are labeled with representations (also known as small representations) of the double group of D 3d . The top of the valence and bottom of conduction bands in the topological insulating state have E 1/2g (=Γ 4+ ) and E 1/2u (=Γ 4− ) symmetries respectively (see Fig. 3a , where the scale of electronic structure has been zoomed along the Γ-Z direction)
at Γ. For k along z-direction (Γ-Z), the group of k lacks the inversion symmetry, and therefore its subgroup is C 3v , and bands along Γ-Z direction are labeled with irreducible representations of the double group of C 3v .
When two bands belong to the same irreducible representation, a coupling between them is allowed by symmetry. As a result, they avoid crossing each other and lead to an "anticrossing" 28 . Electronic bands just above and below the Fermi level along the Γ-Z direction anti-cross each other, because they belong to the same irreducible representation (E 1/2 =Γ 4 ) of C 3v . This analysis establishes that there can be no band crossing and closure of gap along Γ-Z direction, and hence the electronic structure (see DOS in Fig. 3b ) of β-As 2 Te 3 remains semiconducting as a function of ǫ zz (including ǫ zz =-0.06).
As the bandgap vanishes at the electronic topological transition in β-As 2 Te 3 , we expect a breakdown of the adiabatic approximation in the vicinity of the critical point. This broken adiabaticity would lead to Raman anomalies in a narrow range of stress near P c through a strong coupling between the electrons and phonons near the transition 29 . Thus, it is of fundamental importance to measure the electronic and vibrational spectra of β-As 2 Te 3 as a function of uniaxial strain, and confirm the presence of electronic topological transition and associated spectroscopic anomalies in β-As 2 Te 3 .
Since topological insulators typically exhibit good thermoelectric properties 30,31 , we expect β-As 2 Te 3 to be a better thermoelectric than its ambient pressure monoclinic phase, consistent with the finding of Ref. [10] . Thin films of topological insulators like Bi 2 Te 3 , Bi 2 Se 3 are better thermoelectric materials 30 than their bulk counterpart due to the high mobility of the electrons on the metallic surface and low lattice thermal conductivity 31 .
Strain engineering of thin films of Bi 2 Se 3 was shown to be an effective way to optimize its thermoelectric figure of merit (ZT ) 32 , given by ZT =
, where σ, S and, κ are electrical conductivity, Seebeck coefficient and thermal conductivity respectively.
Low κ is key to thermoelectric performance of a material. As acoustic phonon bands of β-As 2 Te 3 are limited to range of frequencies less than 50 cm −1 (see Fig. 4 ), and κ depends quadratically on slope of the acoustic band, we expect a rather low thermal conductivity of β-As 2 Te 3 in all the three directions. The narrow gap of β-As 2 Te 3 will facilitate high electrical conductivity at room temperature, and the asymmetry in its DOS (Fig. 3b) across the gap is expected to yield a high S (e.g. at ǫ zz = -0.06, band gap is 0.06 eV). Since its narrow band-gap and the symmetry of its frontier states are sensitive to uniaxial stress, β-As 2 Te 3 has the promise of a good thermoelectric whose properties are tunable with stress field.
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With frequencies of all its phonons less than 200 cm −1 , vibrational entropy gives greater stability to β-As 2 Te 3 with increasing temperature. As the quintuple layers of β-As 2 Te 3 are held together by the weak van der Waals forces, it can be readily prepared in the form of an ultra-thin film. Surface of a topological insulator exhibits a robust two dimensional electron gas (2DEG) with a high carrier mobility, while that of a band insulator shows none. This property can be used to create a charge pump based on As 2 Te 3 that is driven by mechanical stress field.
In conclusion, we predict a uniaxial strain induced transition from band to topological insulating state in β-As 2 Te 3 using first-principles density functional theory based calculations, 
